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® A power conserving integrated circuit (20) is 
coupled to its external power supply (28) only in 
response to an external event sensed by closure of 
a switch (30). An initial power connection is made by 
a transistor (34) in the circuit (22) in response to the 
external event. After the initial power connection, the 
transistor (34) remains conducting so as to couple 
the power supply (28) to the integrated circuit (22) 
for a predetermined period of time sufficient for a 
function (40) to be executed by the integrated circuit. 
The initial power connection is detected by an activ- 
ity monitor (37) which in response resets a down 
counter (38) that, through a connection (39) to the 
transistor (34), holds the transistor (34) in its con- 
ducting state until the counter (38) finishes counting 
clock pulses. The connection is then terminated and 
is not re-initiated until another external event. There- 
fore, power is consumed only when necessary, 
thereby preserving the power source (28). 
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This invention generally relates to minimizing 
the power consumption of an integrated circuit. 
More particularly, this invention relates to an in- 
tegrated circuit which conserves power by utilizing 
power only in the limited time immediately after an 
external event and a predetermined period there- 
after. 

Background of the Invention 

An integrated circuit or chip relies upon an 
external power source to perform its intended func- 
tion. Typically, the external power source continu- 
ously provides power to the chip, even though the 
chip may not require the power at all times. As a 
result, the power source may be unnecessarily 
depleted, as in the case of a battery. Preserving 
battery power is extremely important in many elec- 
tronic applications. Prior art attempts to preserve 
battery power rely upon components external to 
the chip. These components are relatively expen- 
sive and inconvenient to install. 

Objects and Summary of the Invention 

Thus, it is a general object of the present 
invention to provide a method and apparatus for 
limiting the power consumed by integrated circuits. 

It is a related object of the present invention to 
provide an integrated circuit which consumes pow- 
er only when required, that is, in the limited time 
immediately after an external event and a predeter- 
mined period thereafter. 

These and other objects are achieved by a 
power conserving integrated circuit. The integrated 
circuit is coupled to its external power supply only 
in response to an external event. An initial power 
connection is made in response to the external 
event. An element on the integrated circuit detects 
the initial power connection. After detecting the 
initial power connection, a switch internal to the 
integrated circuit is closed so as to couple the 
power supply to the integrated circuit for a pre- 
determined period of time sufficient for a function 
to be executed by the integrated circuit. After- 
wards, the connection is terminated and is not re- 
initiated until another external event. Therefore, 
power is consumed only when necessary, thereby 
preserving the power source. 

Brief Description of the Drawings 

Additional objects and features of the invention 
will be more readily apparent from the following 
detailed description and appended claims when 
taken in conjunction with the drawings, in which: 
Figure 1 which depicts a power conserving in- 
tegrated circuit in accordance with the present 



invention. 

Figure 2 depicts an alternate embodiment of the 
circuit of Figure 1 . 

Figure 3 depicts an alternate embodiment of the 
5 circuit of Figure 1 which utilizes software for 

retriggering the counter. 

Figures 4A and 4B depict an alternate embodi- 
ment of the present invention which includes 
Vcc switching. 

10 

Detailed Description of the Invention 

Referring to Figure 1, a power conserving in- 
tegrated circuit package 20 in accordance with the 

75 present invention is depicted. The package 20 in- 
cludes an integrated circuit or chip 22 positioned 
within a housing 24. Housing 24 includes a plurality 
of pins 26 for coupling the integrated circuit 22 to 
external components. The external components 

20 send input signals to the integrated circuit 22. In 
response to the input signals, the integrated circuit 
22 performs some function and generates output 
signals. Integrated circuit 22 is powered by a bat- 
tery 28 which is coupled through pins 26. 

25 In accordance with prior art techniques, battery 

28 constantly provides power to the integrated cir- 
cuit 22. This approach is problematic in that a 
constant power supply is provided while for most 
integrated circuits only intermittent power is re- 

30 quired. As a result, power from the battery 28 is 
unnecessarily depleted. In almost all circum- 
stances, conservation of battery power is highly 
beneficial. 

These problems are avoided in accordance 

35 with the teachings of the present invention. With 
the present invention, power is consumed intermit- 
tently: immediately after an external event and for a 
predetermined period thereafter. Consequently, 
power is only consumed when it is necessary; that 

40 is, power is consumed only when the integrated 
circuit 22 is executing a function. With the present 
invention, power consumption control is governed 
on board the chip, therefore, external components 
are not required to limit power consumption. 

45 The benefits of this invention may be realized 

in the following manner. A plurality of switches 30 
are coupled to the package 20 through pins 26. 
The switches monitor external events. An external 
event may be the touching of a button, a signal 

so from an external circuit, or other analogous event 
occurring outside of the package 20. When an 
external event occurs which requires activity from 
integrated circuit 22, one of the switches 30 is 
momentarily closed and a closed circuit is formed 

55 from VCC to VSS through resistor 32, switch 30. 
line 33 and then NPN transistor 34. 

Transistor 34 is a switch internal to the chip 22 
that enables power to be connected or provided to 
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the internal circuitry of chip 22. When transistor 34 
is open, the chip's internal VSS node 35 is left 
floating, and therefore will rise to approximately the 
same potential as the VCC node 36. When transis- 
tor 34 is closed, current flows through the transistor 5 
so as to maintain the VSS internal node 35 at 
approximately the same voltage potential as the 
VSS low potential node of battery 28. As will be 
understood by those skilled in the art, for MOS and 
CMOS integrated circuits. NPN transistor 34 would w 
be replaced by either an NMOS transistor gated by 
lines 33 and 39, or a pair of complementary 
NMOS/PMOS transistors gated by the same sig- 
nals and their complements. 

The external activity which closes one of the is 
switches 30 creates an initial connection which 
causes the transistor 34 to be turned on. Once the 
transistor 34 is turned on, node 35 is pulled low, 
allowing the circuitry inside the chip 22 to operate. 
This transition from a dormant to an active state is 20 
detected by activity monitor 37. Activity monitor 37 
may be a transistor or other element which senses 
the presence of a current flowing through a transis- 
tor. Activity monitor 37 initializes counter 38 when- 
ever a transition from a dormant to an active state 25 
is detected. As shown, signals derived from the 
external events will also be used by circuits internal 
to the chip 22. 

The-counter 38 outputs a signal on line 39 
which enables a current to be provided to the base 30 
of transistor 34 for the predetermined period of 
time defined by the counter 38. Counter 38 will 
typically be a down counter that decrements from 
an initial value at a rate determined by an internally 
generated clock signal (not shown). Alternately, the 35 
counter 38 may be an RC circuit, having a pre- 
determined decay rate, with a comparator which 
shuts off the supply of current to line 39 when an 
initial voltage level falls below a threshold level. 

The "second power connection" provided via ao 
line 39 is needed to maintain power to the chip's 
internal circuitry because the switch 30 will toggle 
to its open position after being activated, which 
would cut the initial power connection to the chip. 
The second power connection effectively elimi- 45 
nates the problem of switch bouncing. 

Transistor 34 will remain on during the duration 
of the period defined by the counter 38. As a 
result, power from the battery 28 will be available 
to any functional element 40 on the integrated 50 
circuit 22 during this period of time. Consequently, 
power will be available to the integrated circuit 22 
from the time of an external event until a predeter- 
mined period thereafter as defined by the counter 
38. This period of time will be sufficient to com- 55 
plete the function to be performed by the inte- 
grated circuit 22. 



In the preferred embodiment, activity monitor 
37 monitors at least some of the input event sig- 
nals associated with switches 30, and resets coun- 
ter 38 to its starting value each time that an exter- 
nal event signal is received. In this way. power will 
continue to be provided to the chip's internal cir- 
cuitry until a predefined amount of time has 
elapsed after the last received event signal. This 
method of operation can be used to ensure that all 
event signals are processed before power to the 
chip is shut off, or to prevent unnecessary power- 
up and down cycles when a quick succession of 
external event signals are received. 

Referring to Figure 2, in an alternate embodi- 
ment, transistor 34 is replaced by two switches or 
transistors 34 and 44. Transistor 34 forms the initial 
power connection whenever an external event sig- 
nal is received, and transistor 44 is enabled by the 
counter's output signal on line 39 so as to maintain 
power to the chip 22 for a predetermined period of 
time. In either embodiment, the power is drawn 
from battery 28 only when required. This preserves 
the power in the battery. 

Figure 3 depicts an alternate embodiment of 
the invention wherein the counter is reset by a- 
software switch or trigger. Specifically, in the em- 
bodiment of Figure 3, a CPU circuit 50 senses 
transitions of the circuit 22 from a dormant to an 
active state, and when such a transition is detected 
it sends a reset signal to counter 38. As in above 
described embodiments, counter 38 maintains the 
circuit's power connection for a predetermined 
amount of time each time that it is reset. The CPU 
circuit 50 also monitors at least some of the input 
event signals associated with switches 30 and re- 
sets counter 38 to its starting value each time that 
an external event signal is received. 

In addition, the CPU 50 relies upon memory 52 
and stored software 54 to execute a given function. 
If the software 54 is executing a function which will 
not be completed in the period defined by the 
counter 38, then the software must include one or 
more in-line "counter reset" instructions to reset 
the counter 38. Each "counter reset" instruction in 
the software 54 causes CPU 50 to transmit a reset 
signal to the counter 38. As a result, power will be 
supplied to the chip 20 for a period sufficient to 
execute the given software function. 

The embodiments disclosed herein switch 
ground or Vss. One skilled in the art will recognize 
that alternate embodiments are possible which en- 
tail switching Vcc. One suitable embodiment is 
disclosed in Figures 4A and 4B. 

The foregoing descriptions of specific embodi- 
ments of the present invention have been pre- 
sented for purposes of illustration and description. 
They are not intended to be exhaustive or to limit 
the invention to the precise forms disclosed, and 
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obviously many modifications and variations are 
possible in light of the above teaching: The em- 
bodiments were chosen and described in order to 
best explain the principles of the invention and its 
practical application, to thereby enable others 5 
skilled in the art to best utilize the invention and 
various embodiments with various modifications as 
are suited, to the particular use contemplated. It is 
intended that the scope of the invention be defined 
by the claims appended hereto and their equiv- io 
alents. 



Claims 

1. A power conserving integrated circuit comprts- 75 
ing: 

integrated switch means, internal to said 
integrated circuit, for coupling said integrated 
circuit to a power supply in response to an 
external event; and 20 

timing means, coupled to said integrated 
switch means, for maintaining said integrated 
switch means in a closed state so as to main- 
tain a connection between said power supply 
and said integrated circuit only for a predeter- 2s 
mined period after said external event. 

2. The device of claim 1 wherein said timing 
means includes a counter for determining said 
predetermined period. 30 

3. The device of claim 2 wherein said timing 
means includes means for re-initializing said 
counter in iasponse to each said external 
event, whereby said integrated switch means 35 
maintains a connection between said power 
supply and said integrated circuit until said 
predetermined period has passed since a last 

one of said external events. 

40 

4. A power conserving integrated circuit compris- 
ing: 

integrated switch means, internal to said 
integrated circuit, for coupling said integrated 
circuit to a power supply only in response to 45 
an external event, said coupling of said power 
supply to said integrated circuit creating an 
initial power connection; 

activity monitoring means for detecting 
said initial power connection; and 50 

means, coupled to said activity monitoring 
means, for providing a second power connec- 
tion between said power supply and said in- 
tegrated circuit, said second power connection 
superseding said initial power connection and 55 
existing for a predetermined period after said 
initial power connection. 



5. The apparatus of claim 4 wherein said provid- 
ing means includes a counter. 

6. A power conserving integrated circuit package 
comprising: 

a housing; 

an integrated circuit positioned within said 
housing, said integrated circuit including a 
power connecting transistor, a counter, an ac- 
tivity monitor, and at least one functional ele- 
ment; and 

a plurality of pins protruding from said 
housing and providing electrical connections 
between said integrated circuit and a plurality 
of external devices, said external devices in- 
cluding switches and a power supply, each of 
said switches being activated by an external 
event and causing an initial connection be- 
tween said power supply and said power con- 
necting transistor; 

wherelii said activity monitor responds to 
said initial connection by generating signals 
which activate said power connecting transistor 
for a predetermined period of time as defined 
by said counter. 

7. The power conserving integrated circuit pack- 
age of claim 6 wherein said activity monitor 
includes means for responding to each activa- 
tion of at least one of said external device 
switches by maintaining activation of said pow- 
er connecting transistor until said predeter- 
mined period has passed since a last one of 
said external events: 

a A method of reducing the consumption of pow- 
er by an integrated circuit, said method com- 
prising the steps of: 

closing an integrated switch circuit, internal 
to said integrated circuit, so as to couple said 
integrated circuit to a power supply in re- 
sponse to an external event; and 

maintaining said integrated switch circuit in 
a closed state so as to maintain a connection 
between said power supply and said integrated 
circuit only for a predetermined period after 
said external event. 

9. The method of claim 8, including the steps of 
detecting an initial power connection be- 
tween said integrated circuit and said power 
supply after said external event; and 

creating a second power connection su- 
perseding said initial power connection, said 
second power connection coupling said power 
supply and said integrated circuit for a pre- 
determined period after said initial power con- 
nection. 
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10. The method of claim 8, said maintaining step 
including: 

responding to predefined external events 
which occur prior to termination of said pre- 
determined period by maintaining said inte- 5 
grated switch circuit in a closed state until said 
predetermined period has passed since a last 
one of said external events. 

10 
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